in a 100-fold increase in the percentage of tetramer-positive cells over detection without magnetic enrichment, and brought to view many additional pathogen-specific T cells 1 .
Hadrup et al. provided an example of how the combinatorial approach enhances the analysis of human disease in their dissection of melanoma-specific T-cell responses in peripheral blood samples from individual donors 2 . Screening of 28 individuals with melanoma using the combinatorial method identified 22 known or predicted pMHCI peptide epitopes. Additional functional analysis could help predict the protective efficacy of such T-cell responses, perhaps allowing individual peptide epitopes to be linked to long-term survival. This method might also be applied for identification of T-cell sets directed at multiple viral and/or tumor variants of the same antigenic peptide, or to screen for T cells involved in autoimmune disorders.
Apart from research applications, this multiplexed detection of antigen-specific specimen size is commonly limited to 20-50 milliliters of human blood.
Newell et al. 1 and Hadrup et al. 2 have now combined advances in fluorochrome and nanoparticle technology to simultaneously detect multiple T-cell specificities within a single blood sample. Their approaches depend on the availability of tandem dyes and the coupling of quantum dot nanocrystals (stable fluorescent labels excited by various light sources) to antibodies or to streptavidin. Both groups use a combinatorial approach, in which pMHCI multimers are coupled to a unique combination of distinct fluorochromes, with the same fluorochrome being used several times in combination with other colors (Fig. 1) . The consequence is that a specific T-cell population is defined by multiple colors rather than by a single color.
The application depends on a twodimensional combinatorial strategy (twocolor coding) that allows parallel detection of 2 N -1 distinct T-cell sets, where N represents the number of different fluorescent labels 1 . In the case of Newell et al. 1 , the researchers coupled pMHCI complexes to four fluorochromes (phycoerythrin, phycoerythrinCy5, phycoerythrin-Cy7 and allophycocyanin), enabling detection of 15 specificities 1 , whereas Hadrup et al. 2 used pMHCIs bound to eight fluorochromes (six quantum dots and two standard fluorochromes) to achieve 25 unique combinations 2 . As a proof of principle, both groups also demonstrated that this approach can be expanded to detect more T cell populations, either with threedimensional combinatorial staining 2 or in a two-dimensional approach with six fluorochromes, which should allow detection of up to 63 T-cell specificities 1 .
Parallel staining of T cells using these combinatorial methods identified the same cell populations as single-color controls, although at reduced fluorescence intensity. The intensity is reduced by a factor of 2 when the staining reagents are present in a 1:1 ratio, and even further decreased (although clearly feasible) in a three-dimensional approach. The sensitivity of this technique appears to be notably high, with T-cell populations of frequency ≥ 0.02% of CD8 + cells easily identified. In the experiments of Newell et al. 1 , the researchers further improved this by combining the approach with tetramer enrichment 9 , allowing direct detection of low-frequency CTLs. Specifically, staining human samples with a combinatorial cocktail and a mixture of magnetic beads coated with antibodies to phycoerythrin and to allophycocyanin resulted T cells may also prove useful for diagnostic applications that screen routinely for responsiveness to a broad array of pathogens and tumors. In general, the capacity for comprehensive analysis of many lowfrequency CTL populations using these newly developed combinatorial staining tools should greatly advance the transfer of knowledge from mouse model systems to human, and vice versa, in ways that will greatly enhance our understanding of CD8 + T cell-mediated immunity. Sub-microsecond, downhill-reaction protein folding can be investigated by a method to generate large and fast pressure drops. The approach is complementary to nanosecond temperature-jump methods and could provide new insights into the biophysics of protein folding.
Our view of protein folding, the process by which polypeptide chains self-assemble into specific three-dimensional structures, has gone hand in hand with the resolution of the available experimental techniques. For a long time folding experiments were limited to milliseconds or longer, and thus protein folding seemed to be an intrinsically slow process in which secondary and tertiary structure form simultaneously upon crossing a large free energy barrier. The development of ultrafast folding techniques in the mid-to-late 1990s allowed much faster processes to be resolved 1 . Among these, the laser-induced temperature jump has been most important as the only widely applicable technique capable of sub-microsecond resolution 1 . Now, Gruebele and co-workers push the limits of pressure jumps, another general folding perturbation method, down to the sub-microsecond limit 2 . This new technique nicely complements the laser temperaturejump method and promises to yield important information that will fill in some gaps in our physical understanding of protein folding reactions.
Laser temperature-jump experiments have had a major impact in the study of protein folding. From them we have learned that polypeptides collapse from extended conformations in ~100 nanoseconds (ref. 3), whereas secondary structure (both α-helices and β-hairpins) forms more slowly, taking 0.5-10 microseconds (ref. 4) . These time scales provide direct estimates of the protein folding speed limit and, by extension, the height of the folding barriers 5 .
Temperature-jump experiments have also shown that the complete protein structure can form within a few microseconds 6 , and thus as fast as the secondary structure elements. Proteins that fold in microseconds are not uncommon, with over 15 examples identified in recent years 6 , and these results are important because they effectively connect experiments with atomistic computer simulations, which can now access similar timescales 7 . Moreover, some of these proteins fold without meeting any free energy barriers: that is, diffusing on a downhill free energy surface. Downhill reaction-folding proteins are particularly interesting for two reasons. Their downhill diffusive dynamics allow the conformational dynamic modes guiding proteins toward their native structure to be experimentally measured 8 . Furthermore, these proteins exhibit gradual, structurally uncoupled, equilibrium unfolding processes that permit detailed structural analysis at atomic resolution 9 .
However, temperature-jump experiments have two inherent limitations for studying downhill folding. The first one is that typical ~10 °C jumps produce small perturbations of the folding free energy surface, and thus the technique mostly probes local relaxation dynamics. The second limitation is that temperature affects both the folding free energy surface and the conformational dynamics of the protein. The latter is expected to depend on a variety of factors, such as friction between protein and solvent, protein compactness, steric microbarriers for peptide-bond rotations and the underlying roughness of the multidimensional folding energy landscape 6 . But there is very little experimental information available, mostly because it is extremely difficult to separate thermodynamic and dynamic temperature effects.
The sub-microsecond pressure drop technique developed by Gruebele and co-workers 2 may help surmount these limitations. In this method, the protein is unfolded by applying high pressure (2,500 atmospheres) to the sample within a specialized container. The pressure is then rapidly released by puncturing a steel diaphragm with an electrical discharge; regular atmospheric values are reached in about 700 nanoseconds. Protein refolding after the pressure drop is monitored by measuring fluorescence (Fig. 1) .
Although different implementations of the pressure-jump method have been available for decades 10 , this is the first one with sub-microsecond resolution. The secret to the ultrafast pressure change consists of combining a miniaturized sample container with electrically induced pressure release. This device is only capable of pressure drops, but this does not represent a major limitation when one is interested in studying refolding under native conditions. The advantage is that it produces large perturbations, inducing refolding from the high-pressure fully denatured state. In principle, this permits the observation of downhill-reaction refolding from the denatured state all the way to the native structure, thereby mapping conformational dynamic modes as folding proceeds. By performing the experiment at various temperatures and in combination with laser temperature-jump experiments, one could also attempt to extricate thermodynamic and dynamic temperature effects.
Gruebele and co-workers carried out preliminary experiments that impinge upon these issues 2 . They looked at the pressuredrop refolding of an engineered variant of a moderately fast folder, a lambda repressor fragment. And, notably, they observed refolding in about 2 microseconds, forty times faster than expected from the temperaturejump folding rate (Fig. 1) . The rate suggests downhill-reaction refolding, but at the same time the decays are roughly exponential.
How can these results be interpreted? One possible explanation is that the highpressure denatured state is not that much unfolded after all. A compact denatured state with substantial secondary structure content (Fig. 1) could in fact correspond to the top of the folding barrier, thus resulting in microsecond diffusive dynamics down to the native structure. Another possibility is that the ultrafast process monitored by fluo rescence corresponds to a conformational relaxation of the denatured protein after releasing pressure, whereas full refolding may not be resolvable by fluorescence. These possibilities are mechanistically quite different.
The first possible explanation is particularly exciting because it would imply that high pressure unfolds proteins only partially and in a continuous (downhillreaction) fashion. Pressure denaturation would thus emerge as a powerful tool to induce downhill-reaction refolding, perhaps even in proteins that fold very slowly from their thermal or chemical denatured states. Resolving this issue will require characterizing the structural properties of the pressure-denatured state and the possible probe dependence of the refolding process as well as performing similar experiments on other proteins. Those additional experiments should not require major technical modifications of the experimental setup described by Gruebele and co-workers and could be mimicked in silico with the current simulation approaches. Thus our eyes are sparkling with expectation.
